L'IT'RODUCTION
The Stafan diffusion tuoe has been wid~ly used for the determination of vapor-phase diffusion·coefficients. The liquid to be vaporized is placed in.the bottom of a vertical tube which is maintained at a constant tempera-" ture. A gas is passed over the top of,the tube at a rate sufficient enough to keep the P?rtial pressure of the vapor there at the value essentially corresponding to the initial composition of the gas but low enough to prevent turbulence. The mass flux· is. determined by weighing the tube during the .>-quasi-steady state evaporation p~riod. The vapor-phase diffusion::coefficients are readily calculated.from the mass flux and concentration gradient over the diffusion path with the ass~ption of plug flow in the tube. A critical rev:iew of the experimental technique has been presented by Lee and Wilke (10) .
The equations for isothermal diffusion are well. knm·m, having first beed developed by Maxwell. (9) and Stefan (13, 14) . For the ith component, 
· The first te~ on the right-hand .side is the .contribution of equimolal diffusion;
+.hE! st'!cond.term is 1nterJ>reted as the contribution to'the flux of A due to has not previously been verified.. The study presented here involves theoretical analysis .of the. diffusion system a.nd an experiment designed to determine whether or not the flat-profile assumption is valid.
Analysis of the Diffusion System
Consider the diffusion sys~em as shown in Figure 1 . Liquid A evaporates into a stagnant column of gas B.
;· ·.
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At the liquid-gas interface (x = 0) the gas The diffusion system under consideration can be characterized by very slow motion flow. Hence inertial terms can be neglected as S].lggested .·by
Schlichting (12) . Furthermore, if it is assumed that there is a radial sym-. metry. (Ve = 0) then the basic differential equations of motion can be written ~s) (3)
• ,.
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• If Equation 5 is now differentiated with respect to x, and"Equation 6 is differentiated with respect to r, and the results are subtracted, one gets
The pressure term has been eliminated. 
Equationir results from the application of conservation of mass and Fick's first law.
Now consider the boundary values of the system.
1. The concentration of A at the liquid-gas interface is constant. 4. There is no transfer from the walls of the tube into the gas. Hence 0 at r = ro for all x.
5. There .is no slip at the wall. Hence u = 0 at r = ro for all x. give the correct ord~r of magnitude for any radial non-uniformity in concentration. In this model it is assumed that the usual parabolic velocity profile for Jarn:tnaT flow develops at once and rer(l.ains undist.urbed over the length of the tube. Also, it is necessarily assumed that there is no slip at the wall .
. These are believed to be satisfactory limiting assumptions since they repre-.
sent the maximum departure from plug flow. Taylor considered the dispersion of a solute into a fluid in laminar flow through a tube. The distribution of concentration of the solute depends on the balance between the molecular diffusion and the convection due to variation in velocity over the cross-section.
The transport equation according to Taylor can be taken as
where U is the average velocity. In obtaining Equation ~2 axial diffusion is assumed to be negligible. Aris (1) extended the analysis of Taylor to inelude the effect of axial diffusion. His results show that for the purpose of present calculations this assumption introduces little error.
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APPARATUS
The apparatus used in this study is shown schematically in Figure 2 .
The diffusion system is substantially the same as that used in recent measure~ ments of diffusion coefficients and is described in detail by Getzinger (5).
However, a probe and electronic recording equipment have been added to measure the concentration profiles.
Diffusion System. The diffusion unit is shown schematically in The probe was not extended to the bottom of the diffusion tube, so that liquid was prevented from rising up between the probe and the diffusion tube wall by capillary action (preliminary experiments had shown this to be a problem).
With the probe in plaqe, the.actual diffusion area was an uniform l-in. i.d circular cross section. .An aluminum sleeve was us·ed over the bottom of the diffusion tube to get a Uniform outside diameter of 1.535 in. This gave .
;.
a tight fit within the diffusion-tube holder, providing_good thermal contact.
The diffusion tube itself was constructed with a wall thickness of o~y 0.018 in. This made the assembly light enough to be weighed on the analytical balance in the laboratory to determine the weight loss by evaporation during a run~
Measurements were made of the time required to reach thermal equilibrium in the systein. After only 15 minutes the gas temperature as measured by
a conventional mercury thermometer -was found to be "WJ.thin 0.1-:C of the bath temperatures.
Air enters the system at room temperature from compressed air cylinders through a three-stage pr_essure regulator. It is then dried with an isopropyl alcoho~-dry ice trap and is then further dried with a 6-in. column of Drierite.
After passage through a flowrator, it is heated by an electric heating element to about 32°C. The air is then passed through 40 feet of copper tubing immersed 0 in a constant-temperature bath, where it is heated to 35.0 ± 0.1 C, the temperatu:re;·.used·;.in .. :the·:exper:iniertts. The diffusion unit is also immersed in the con-
. ' . . Probe. To measure the concentration profiles in the diffusion tube semicircular probes were used •. The principle of the probe operation is the· same.
as that of a thermal-conductivity cell. The·detailed study of the optimum probe design is given elsewhere (7) . Because of the radial ~ymmetry of the diffusion system these probes could be used to measure the radial concentration gradients. Three probes were constructed, each of different diameter. The dimensions are given in Table I . A picture of probe .1 is shown in Figure 4 . capillaries were used to support the probe wire and maintain its semicircular ·shape. 
The probe was placed in the·diffusion tube along with three 1-in.-high l-in. ·aluminum rings. The vertical position of the probe was changed by moving its position among these rings. All these aluminum rings had~ machined inner surface of l-in. i.d. in order to provide a smooth diffusion tube.
EXPERIMENTAL PROCEDURE
Benzene was chosen to be the diffusing substance and air as the gaseous diffusion medium. These were selected because considerable.diffusion data have been obtained for these components in the Stefan-tube apparatus. Also these.
components have considerably different thermal conductivities, thus giving a· reasonably good probe sensitivity. The tempe~ature of the system was chosen at 35°C to give a reasonable vapor pressure and thus a significant mass flux.
The air flow rate over the diffusion tube was chosen to give minimum end effects due to turbulence at the top of the diffusion tube, but high enough to insure that stagnation did not take place. Preliminary experiments indicated that the air flow rate for this system should be about 120 cc/min, giving -a velocity of 4.65 em/sec through the straightening vanes.in. the d~~f.usion system. This is somewhat lower than the gas rate used in Stefan-tube studies by tJ;
1 ..
Getzinger (5) . A lower gas rate was required because of increased turbulence in the diffusion system due to the presence of,the probe leads. The gas rate fixed the operating pressure at 1.6 to 2.0 in. of water above atmospheric pressure.
After the air flow rate was ~etermined some runs were made on the system without the probe in place, in order to determine the. characteristic-s of the system. After these runs were finished runs were made with the probe in place. Data were taken with each probe in three vertical positions. Probe resistances were measured by using a Wheatstone bridge and Brush amplifier and recorder to measure the bridge balance.
When measurements were made of the probes the time used was as short as possible, in order to aboid setting up convection currents in the. system.
Several readings were made of each run, since making good electrical contacts proved to be a: problem. The probes were calibrated in calibration cells with known gas compositions.
Benzene loss in the Stefan diffusion tube· was determined by weighing the tube before and after each.run~ Weights were determined to the nearest 0.001 g. While out of the system the tube was kept stoppered at ·all times to . to be of the.order of one second whereas the time necessary for convection to make an appreciable change in C is of the order of one hour.
Radial concentration profiles were estimated from Equations 15 and 19.
-l(-.
The values of the ratio C -C(r) -lEat several values of the radial and axial e distances are shown .in Table II~ * * Table II '. Further work is req_uired to confirm this.
Another theoretical cause for conv.ective flow in the tube might be gravitational forces due to density gradients associated with any non-Uniformity in the . . concentration over radial position. However, in view of the very small variation in radial concentrations which can develop, as.shown in Table II , we believe· that such free convection effects would be negligible.
CONCLUSIONS
Theoretical·and experimental studies confirm that there is no significant radial concentration gradient in the Stefan diffusion tube. From these resul.ts it is concluded that eq_uations developed from·;:.the plug flow model for the Stefan-tube may be used ~o calculate diffusion coefficients. However, it appears possible that end effects can be appreciable, and that therefore a sufficiently long tube should be employed to minimize this influence. .. This report was prepared as an account of Government sponsored work. Neither the United States, nor the Com• mission, nor any person acting on behalf of the Commission:
A.
Makes any warranty or representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of the information contained in this report, or that the use of any information, apparatus, method, or process disclosed in this report may not infringe privately owned rights; or B.
Assumes any liabilities with respect to the use of, or for damages resulting from the use of any information, apparatus, method, or process disclosed in this report.
As used in the above, "person acting on behalf of the Commission" includes any employee or contractor of the Commission, or employee of such c~tractor, to the extent that such employee or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, any information pursuant to his employment or contract with the Commission, or his employment with such contractor.
